Abstract-Let C be a binary extremal self-dual code of length 96. We prove that an automorphism of C of order 3 has 6 or no fixed points and an automorphism of order 5 has 6 fixed points. Moreover, if all automorphisms of order 3 are fixed point free then Aut(C) is solvable and its order divides 2 5 3 or 2 5 5 or Aut(C) is the alternating group A 5 which is the only possible group of order 60. Furthermore, jAut(C )j = 20 or 40 cannot occur.
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I. INTRODUCTION
T HROUGHOUT the paper all codes are assumed to be binary and linear if not explicitly stated otherwise. Let be a binary self-dual code of length and minimum distance . By results of Mallows and Sloane [14] and Rains [16] , we have if if (1) and is called extremal self-dual if the equality holds. Extremal codes are of particular interest if 24 divides since in that case the supports of codewords of a fixed weight form a 5-design, by a well-known result of Assmus and Mattson [1] . there is again up to equivalence exactly one code, the so-called binary extended quadratic residue code [8] . Its automorphism group is ( [11] , Theorem 6). Note that in both cases the automorphism group is a simple non-abelian group.
Actually for no examples are known so far and the existence of such a code is a long standing question in coding theory [17] . In order to attack the existence problem knowledge of a possible automorphism group may be helpful. For , i.e., a self-dual code, it has been proved in [3] and [4] that the automorphism group has order bounded by 36. In particular, the automorphism group is solvable. If , i.e., is a self-dual code, then only the primes 2,3 and 5 may divide (see [5] ). Moreover, elements of order 5 have 16 or 6 fixed points, elements of order 3 have 24, 18, 6 or no fixed points. By [2] , involutions are acting fixed point freely.
In this paper we show that particular types of automorphisms do not occur. Under the assumption that all elements of order 
II. PRELIMINARIES
Let be a binary code with an automorphism of odd prime order . If has cycles of length and fixed points we say that is of type -. Without loss of generality we may assume that Let be the cycle sets, i.e., and let be the fixed points of . We put . If denotes the map defined by for some and then is a binary self-dual code (see [9] , Lemma 1). Moreover, in case the code is doubly-even. Clearly, a generator matrix of can be written in the form (2) where the matrices and have columns and resp. have columns, being the appropriate size zero matrix. Let resp. be the codes of length generated by resp. and . Let resp. be the codes of length generated by resp. and . With this notation we have: For the rest of this paper we define for .
Lemma 3: Let be a binary code of length and minimum distance . If with then
Proof:
We have from which the assertion follows.
III. CYCLE-TYPES OF THE AUTOMORPHISMS
Lemma 4: Let be a self-dual code. Then has no automorphism of type 3-(24;24).
Proof: Assume that is of type 3-(24;24). We consider a generator matrix for the self-dual code in the form of (2). Since we get , by the Balance Principle (see Lemma 1 In conclusion we have shown in this section that an automorphism of odd prime order of an extremal self-dual code of length 96 can only have the following cycle structures: 5-(18;6), 3-(32;0) or 3-(30;6). Since involutions are acting fixed point freely by [2] , the proof of part a) of the theorem is complete.
IV. AUTOMORPHISM GROUP

Let
where is a binary self-dual code. By [5] , we know that with .
According to the assumption in Theorem b) we assume from now on that elements of order 3 do act fixed point freely on the 96 coordinates. For some elementary facts from group theory like Sylow's theorem we refer the reader to the textbook [12] .
Lemma 7:
The order of divides where and . Proof: Clearly, a Sylow 2-subgroup acts regularly, i.e., without fixed points, on the 96 coordinates since involutions have no fixed points. This implies . Since, by assumption, elements of order 3 have no fixed points a Sylow 3-subgroup acts regularly as well which implies . In order to prove that we may assume that . To compute the number of orbits of the action of on the 96 coordinates of we use the Cauchy-Frobenius Lemma (see [12] , 1A.6 on p 7) which says that where denotes the number of coordinates which are fixed under the action of . Applying part a) of the theorem which we have proved in the previous section and using the assumption that elements of order 3 have no fixed points we see that only automorphisms of order 3, 5 or of even order exist. Thus, apart from the identity only elements of order 5 have [12] , Theorem 3.13) which is a group of order 15 and we are done again. Thus, . Since is in the center of we see that contains a normal subgroup of order 3 or 5 which completes the proof.
Lemma 10:
. Proof: If then a Sylow 5-subgroup is normal since the number of Sylow 5-subgroups is congruent . Thus, for the number of orbits we get Clearly, the orbits have size 20 or 4. But and has no solution in . In case the Sylow 5-subgroup is again normal, by the same argument as above. Thus, the number of orbits is given by Now the orbits have size 40 or 8. Since and has no solution in the group cannot exist as automorphism group of .
